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In a  previous paper (1)  evidence was presented against the exclusive inter- 
pretation of transplantation  immunity as a  form of delayed hypersensitivity. 
Local administration of isoimmune serum to animals bearing skin homografts 
resulted in a significantly earlier rejection of problem-skin graft with no change 
in  the  course  of  a  neighboring  control-skin  graft.  Similar  results  have  been 
obtained by Stetson  and Demopoulos (2),  also with local passive transfer of 
immune serum, and by others  (3-5)  with systemic administration of immune 
serum and different homograft systems. Although passive transfer of sensitized 
lymphoid cells to animals with acquired tolerance will reestablish their capacity 
to reject otherwise  tolerated  grafts  (6)  such  experiments fail  to discriminate 
between  humoral  and  cell-bound  immunity  since  lymphocytes  have  been 
shown to be involved in the synthesis of humoral antibodies  (7-9). Therefore, 
results of passive transfer of transplantation immunity by means of sensitized 
lymphoid cells do not constitute definite proof of the cell-bound nature of this 
phenomenon as long as the possibility remains that such cells are acting on the 
graft not directly but by means of humoral antibodies  (10). In this paper we 
report  a  series  of  experiments  in  which  transplantation  immunity has  been 
successfully  transferred  by  sensitized  lymphoid  cells,  held  away  from  skin 
homografts by placing them within diffusion chambers. 
Material and Methods 
I. Antibody Synthesis within Diffusion Chambers.--The capacity  of previously sensitized 
lymphoid cells  to release  humoral antibodies after transfer to homologous  hosts has been amply 
documented (9, 11-14). On the other hand, only two brief reports exist (15, 16) on the abifity 
of lymphoid cells to release humoral antibodies when placed within diffusion chambers. For 
that reason the following  experiment was carried out. A series  of rabbits weighing  an average of 
1500 gm was immunized against the "0" fraction of Salmondla typhi. The antigen was stand- 
ardized to contain 1 X  109 bacteria per ml with a nephelometer (MeFarland). In the first 
stage of the  experiment 10 rabbits  were immunized with 0.5  ml of antigen injected sub- 
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cutaneously in each ear every other day until a total dose of 6 ml was completed. Antibody 
titers were determined  every other day by the plaque agglutination technique (17)  in  the 
serum obtained from the marginal ear vein. At the end of 15 days the auricular lymph nodes 
were removed, since according to Stark (18) and Vrubel (19) this is the site of maximal anti- 
body  synthesis  under  these experimental conditions.  With  careful  aseptic  precautions  the 
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lymph nodes were cut into small fragments and approximately 25 per cent (70 rag)  of each 
node was placed in each diffusion  chamber. The chambers were prepared with Millipore  @1 
(pore  size  0.45  /~), following a  modification  of  the  technique  described  by  Sturgis  and 
Castellanos (20). This modification consisted in that each diffusion  chamber was made with a 
single circular piece of MilUpore  ® 25 mm in diameter, folded along the diameter, and sealed 
at the edges with adequate cement. 1 In order to avoid breaking the porous membrane it is 
convenient to wet it in sterile saline before folding it. Immediately after sealing the chambers 
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were placed subcutaneously in the dorsum of non-sensitized rabbits, with antibody titers of 0. 
The time elapsed between removal of sensitized lymph nodes and completion of their transfer 
within diffusion chambers was never longer than 90 minutes. Antibody titers in theseanimals 
were measured following the same schedule and technique as with donors of sensitized lymph- 
oid cells. 
H.  Transfer of Transplantation  Immunity.--In  view of the results of the previous experi- 
ment (see Results) the transfer of transplantation immunity by means of sensitized lymphoid 
ceils within diffusion chambers was attempted as follows (Text-fig. 1) :-- 
(a) Animals.--Rabbits  were used throughout the experiments. They were obtained from 
different dealers to insure absence of inbreeding, and weighed an average of 1500 gin. In addi- 
tion, this animal species was used because of its web known resistance to radiation (21). 
(b) ttomografls.--Skin  homografts were always full thickness and were fixed in place by 
continuous cotton sutures; their size and site differed according to the phase of the experiment. 
Donor rabbits exchanged skin homotransplants measuring 2  X  1 cm on the outer aspect of 
their ears. Host rabbits received 2  X  2 cm skin grafts taken from the dorsum of the donor 
animals and placed on the same area in the hosts. In addition, host animals also received 2 X  2 
cm skin grafts taken from the back of other donors which were not used in any other phase of 
these experiments; these grafts were also placed on the back of the host rabbits, separated 
from the previous homografts by a bridge of normal skin. The placing of both skin homografts 
(problem and control) was made simultaneously and with the host under general ether anes- 
thesia. 
(c) Radiation.--Host  animals were separated into three groups: non-radiated, radiated with 
a whole body dose of 400 r, and radiated with a whole body dose of 800 r. All radiated animals 
received the full dose in a single session, 5 days before skin homografting (22) and following the 
technique described by Uhr and Scharff (23). A 220 kv and 15 ma Phillips apparatus was used, 
and half the dose was  applied  to each side of the rabbit at a  source-skin distance of 60 cm. 
Radiation was used in order to depress the immunologic response of the host (24) and prolong 
survival of homografts (25,  26). The high doses were selected according to Uhr and Scharff 
(23)  who, using a  soluble antigen (diphtheria toxoid) and the same animal species,  observed 
depression of humoral antibodies but preservation of delayed hypersensitivity with 400 r, and 
depression of both types of immune response with 800 r. Blood counts were carried out in one- 
half of the radiated animals every 3rd day, and the results were in agreement with other ob- 
servations using similar doses (21). All radiated animals received 50,000 u of penicillin intra- 
muscularly every other day starting from the day of radiation. 
(d) Diffusion Chambers.--Ten  days after the exchange of skin homografts on the ears of 
donor animals (27) the auricular lymph nodes of both sides were obtained through a small in- 
cision under local anesthesia. The lymph nodes were treated identically as in the previous 
experiment (see above). The diffusion chambers were placed subcutaneously in the dorsum of 
the hosts, through a  1 cm incision using local anesthesia, under the bridge of skin separating 
the two homografts. The grafts were placed 4 days after implantation of the diffusion chamber 
in order to allow sufficient time for diffusion of humoral substances. 
(e) Evaluation of Results.--Differences in the time of rejection of problem-skin as compared 
with control-skin homografts would indicate active and individual-specific participation of 
humoral factors (antibodies) produced by sensitized lymphoid cells within the diffusion cham- 
bers in rejection of homografts. Acceleration or rejection of both homografts would signify 
active but non-specific participation of humoral factors (antibodies) in rejection. 
Evaluation and tabulation of results were accomplished in a manner similar to the previous 
work (1). Microscopic examination was carried out in all dying animals and, in order to have a 
homogeneous series, those surviving were sacrificed 1, 2, or 3 days after both homografts had 
been rejected. All results were analyzed for statistical significance in a t table at a p level of 0.01. 882  HITMORAI,  ANTIBODIES.  II 
RESULTS 
I. Antibody Synthesis within  Diffusion Chamber.--The antibody  titers 
obtained in the serum of animals sensitized  with the S. typhi antigen, as well 
as  those in the serum of rabbits  with transferred sensitized  lymphoid ceils 
within chambers  appear  in  Text-fig.  2.  The  appearance,  day of  maximum 
titer, and pattern of decrease in humoral antibodies  in the latter  group  are 
comparable  to those observed by Harris and Harris (13) with passive transfer 
of free sensitized  lymph node cells. The titers, however,  were lower,  which 
might be due to differences in the antigen used and the duration of sensitiza- 
tion, as well as to the possible hindering effect of the diffusion chamber.  It is 
also  of interest that after 8  days of  transfer humoral antibodies decreased 
rather sharply in the serum of the hosts. On this date, the diffusion chambers 
were removed in half of the animals  for histologic study, but this removal 
introduced no differences in the decreasing titer of antibodies  when compared 
with the rabbits in which  the diffusion chamber remained intact. Histologic 
examination of the  chambers  revealed  a  capsule  of  loose connective  tissue 
around them, and extensive signs of necrosis and degeneration  in most of the 
lymphoid ceils (Fig. 1 a). These histologic changes did not suggest inflammatory 
or  immune damage,  but rather  appeared  as  ischemic  or  autolytic necrosis. 
Despite careful search, no evidence was found of passage of transferred lymph- 
oid cells through the porous  membrane,  or of penetration of host leukocytes 
into the chamber. 
H.  Transfer of Transplantation Immunity.--The day of rejection for each 
one of the skin homografts in radiated and non-radiated hosts bearing diffusion 
chambers  with previously sensitized lymphoid cells appears  in Table I, and 
the  average  time of homograft rejection for  each  one  of  the  experimental 
groups is shown in Text-fig. 3. In addition, in this figure a  control  group  of 
intact animals bearing  skin homogmfts identical in size and site has been in- 
cluded for comparison. This control group was prepared in our laboratory in 
the course of experiments previously published  (1). 
Control-skin homografts in non-radiated animals were rejected in an average 
of 7.5 days, a figure not significantly different from the general control result 
in our laboratory of 8.0 days. The same figure has been found by other authors 
(26, 28) with skin homografts in untreated rabbits.  For that reason, the former 
figure is used in the remaining calculations as the time of homograft rejection 
in otherwise untreated rabbits. Problem-skin homografts were rejected in this 
same non-radiated group in an average of 4.7 days. The difference of 2.8 days 
between control and problem grafts is statistically significant. 
Control-skin  homografts in rabbits radiated with whole body doses of 400 r 
were rejected in an average  of 10  days. (Fig.  2).  The difference of 2.5  days 
with control-skin homografts in non-radiated animals is statistically significant, 
which confirms the effectiveness of radiation to prolong survival of homografts. I- 
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Problem-skin homografts in this group of animals were rejected in an average 
of 6.7  days, which  differs  significantly from the  time  of rejection of control 
grafts in the same animals but not from the time of rejection of control grafts 
in  untreated  rabbits  (Text-fig.  3).  Control-skin  homografts in  the  group  of 
TABLE I 
Critic~ Day ~HomograftR~ect~n.  Second Stage ~theExp~im~t 
Animal group 
Non-radiated 
Radiated 400 r 
Radiated 800r 
Animal No. 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Critical day of rejection 
Control graft 
10 
10 
11 
11 
10 
11 
7 
10 
11 
12 
12 
11 
10 
11 
8 
11 
10 
11 
Problem graft 
6.5 
6 
7 
8 
6 
7 
6.5 
6 
7 
6 
6 
rabbits treated with 800 r  of whole body radiation were rejected in 10.6 days 
which again is  significantly different from the  average of 7.5  days in  which 
control grafts  were  rejected by untreated  animals.  Problem-skin] homografts 
in this group of radiated rabbits were rejected in an average of 6.5 days, which 
differs  significantly from the 10.6 average for control grafts in the same group 
but not from the 7.5 days for rejection of control grafts in untreated animals. 
A  comparison of results  between  the  two groups of radiated  animals  shows 
almost identical  times  of rejection for both  types of skin homografts despite 
the 100 per cent difference in radiation doses. ROBERTO  R.  KI~ETSC~F~[F,R AND  RUY  P]~REZ-TAMAYO  885 
Microscopic examination of the diffusion chambers placed in hosts radiated 
with 800 r, revealed adequate preservation of many lymphoid cells  up to 10 
days after skin grafting, which is 14 days after the diffusion chambers Containing 
previously sensitized lymphoid cells  had been placed  subcutaneously in  the 
hosts (Fig. 1 b). A comparison of the histologic picture of control and problem- 
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TExT-FIG. 3. Average day of rejection of control- and  problem-skin homografts in the 
various groups. 
skin homografts in the same group 5 and  10 days after grafting showed the 
differences expected from their gross behavior. At 5 days both grafts appeared 
similar  but the degree of infiltration by leukocytes and round cells, as well as 
the presence  of degenerative changes in  epithelium  and  collagen,  was more 
marked in the problem-skin graft. This same difference prevailed throughout 
the experiment and at 10 days, although both grafts showed advanced histo- 
logic damage, this was more pronounced in the remnant~  of the problem-skin 
graft (see Figs. 3 a and 3 b). 886  HIJMOP~AL ANTIBODIES. II 
DISCUSSION 
The passive transfer  of transplantation  immunity by sensitized  lymphoid 
cells within diffusion chambers was attempted on the basis of two assumptions. 
The first was that sensitized  lymphoid cells will continue to release antibody 
when transplanted within the diffusion chamber, and the second was that this 
antibody will be effective in rejecting the corresponding  skin homograft. The 
first of these two assumptions was put to test by sensitizing  intact rabbits with 
a  soluble antigen  obtained from S. typhi and after antibody production had 
reached high  titers (Text-fig.  1) the regional  lymph nodes were removed from 
the animal,  placed in diffusion chambers, and transferred to recipient rabbits. 
Antibodies against S. byphi antigen were detected in the serum of the recipient 
rabbit  in  small  but increasing  amounts  from  the  2nd  to  the  8th  day after 
transfer;  after this time they fell abruptly (Text-fig.  1). The possibility that 
such antibodies are not produced by the transferred lymphoid cells, but instead 
represent a response of the host to small amounts of antigen carried over with 
the transfer was considered  unlikely because 72 hours had elapsed between the 
last injection of antigen and the removal of the lymph node from the donor. 
This period is more than enough for an almost complete elimination  of antigen 
from a  heavily sensitized  animal  (29).  Furthermore,  the curve of rising  titer 
of antibody in the host lacks the characteristic lag phase of active immuniza- 
tion  (13, 30).  Other reasons/or  accepting the fact that  sensitized  lymphoid 
cells remain immunologically  active after transfer have been summarized by 
Harris and Harris (13). 
The results of this test were comparable to those obtained by others with 
the transfer of free sensitized  lymphoid cells  (11-13,  31)  but differed  in that 
the titers of antibody detected in the serum were lower. This difference  may 
be due to any of the following possibilities,  or combinations of them:  (a) the 
free release of antibody by the lymphoid cells might have been hindered by the 
closely packed or "solid" nature of the transfer,  by the diffusion  membrane, 
or by the capsule of  connective tissue which developed around the chamber; 
(b) the total number of transferred cells  was only roughly quantified;  (c) the 
rejection of the transfer,  which acted as a homograft in the recipient;  (d) the 
type of antigen,  the number of injections,  and the route of administration were 
also different; and (e) the technique for detection of antibodies was only roughly 
quantitative.  The type of observations reported in this paper do not permit 
further analysis of the question. It was dearly shown, however, that sensitized 
lymphoid cells placed inside diffusion chambers will continue to release humoral 
antibodies  for variable periods  after  subcutaneous  transfer  to  intact  hosts. 
Similar  observations have been reported by Urso and Makinodan (15) and by 
Gengozian  (16). 
The following  step was to attempt passive transfer of transplantation  im- 
munity  by  properly  sensitized  lymphoid  cells  within  diffusion  chambers. ROBERTO  i~. KR~TSCI:[M'F,R AND  RLrY P]~REZ-TAMAYO  887 
The  results  of  this  experiment  show  that,  under  the  conditions  specified, 
problem-skin homografts placed in radiated and non-radiated hosts are rejected 
more  rapidly than control-skin  homografts when lymphoid cells previously 
sensitized against the problem-skin are introduced in their neighborhood within 
diffusion chambers.  It is of interest that this rejection occurs earlier in non- 
radiated than in radiated rabbits. This result can be interpreted as the sum- 
mation of two mechanisms  of rejection: that primary in the host, which  is 
intact, and that added by the passively transferred and previously sensitized 
lymphoid cells. This contention received further  support from the fact that 
radiated hosts rejected their problem-skin  homografts in  the  same  average 
time  as  non-radiated animals rejected  their  control-skin  homografts. Both 
groups of animals had essentially only one source of rejection: the former, the 
passively transferred lymphoid cells, and the latter, their own intact primary 
immune response. It is conceivable that when both rejecting forces are acting 
together the destruction of the homograft would appear  earlier  than  when 
only one is functioning. 
It is also of interest that both control-  and problem-skin  homografts were 
rejected in the same time in rabbits radiated with 400 r and with 800 r. This 
result is essentially  the same as that obtained by Brooke  (25) with the same 
animals species and identical homografts.  Using diphtheria toxoid,  Uhr and 
Scharff (23) observed that 400 r of whole body radiation in rabbits will depress 
only the immune response mediated by humoral antibodies, while the delayed 
form of hypersensitivity to the same antigen remains unaltered; on the other 
hand, 800 r will result in depression  of both forms of the immune response. 
These data suggest that the effect of radiation on skin homografts in the rabbit 
is due to the suppression  of humoral antibodies,  since doubling  the dose of 
x-rays with the consequent blocking of delayed hypersensitivity has no further 
influence on the average time of homograft survival. 
The passive  transfer of  transplantation immunity achieved  by means of 
previously sensitized  lymphoid cells enclosed within diffusion chambers  may 
be explained in different ways.  First, it could be due to transplantation of a 
subcellular antigen carried over with the transplanted cells; such antigen would 
be able to leave the chamber and stimulate the immunologic mechanisms  of 
the host. This possibility cannot be completely discarded but it is made unlikely 
by the results obtained in radiated animals, in which their own immune response 
was depressed, as shown by the prolongation of survival of control-skin homo- 
grafts. The second possibility  is  that sensitized  lymphoid cells are breaking 
down inside the chamber and that fragments small enough to pass through the 
pores of the membrane (0.45 ~u) and bearing the cell-bound immunity against 
the graft, are responsible for rejection.  In this regard it should be mentioned 
that, with the exception of man (32-35),  transfer of delayed hypersensitivity 
or of transplantation immunity has never been achieved  with dead cells or 888  I~u~OKAL  ANTIBODIES.  II 
cell fragments (36-39).  The third possibility  is that the sensitized  lymphoid 
cells are releasing  humoral antibodies against  the isologous graft,  and that 
this antibody is responsible for the rejection. Since this possibility  is contrary 
to the generally held idea of the nature of the immune mechanism responsible 
for homograft rejection (40, 41), which is that it belongs to some form of delayed 
hypersensitivity, it might be worth while to briefly review the evidence for it. 
Data favoring a form of delayed hypersensitivity as the basic  mechanism 
in  homograft rejection may be  conveniently considered  under two general 
headings: (a) evidence against participation of humoral antibodies,  and (b) data 
in favor of cell-bound or delayed hypersensitivity. 
(a)  Evidence  against  Participation  of Humoral  Antibodies.--Many  authors 
have reported failure to transfer transplantation immunity by means of serum 
(42-46).  In addition, the studies of Algire et al.  (47, 48)  and others (49-51) 
showed prolonged survival of homografts in  diffusion  chambers, which are 
impervious to cells but presumably not to humoral factors. Finally, demonstra- 
tion of circulating antibodies against homografts was technically difficult (52) 
and their role in rejection appeared dubious in the best case. More recent work, 
however, has considerably weakened the conclusions mentioned above. Thus, 
patients  with  agammaglobulinemia  tolerate  homografts  permanently  (53) 
despite the fact that they can develop adequate delayed hypersensitivity (54). 
Transfer of transplantation immunity has been achieved by several authors 
with local (1, 55) or systemic (3-5) applications  of immune serum. By using 
heterologons  (56) and  tumor  transplants  (57, 58)  or  "hyperimmunized" 
recipients (59), several workers have observed rejection when homologous or 
heterologons tissue is protected from the cells of the host by diffusion chambers. 
Furthermore, Amos  (60) has shown that  complement will fail  to penetrate 
inside some chambers, and it appears  that cytotoxic antibodies require the 
presence of complement to damage cells  (61-64).  In the present study, one 
possible explanation for the death of lymphoid cells within diffusion chambers 
is a homograft rejection, and this possibility is now under study in our labora- 
tory. Improvement in  immunologic techniques (65-67)  has resulted in  wide 
demonstration of circulating antibodies against homografts (10, 67-70)  and 
the cytotoxic activity of some of them can now be clearly demonstrated (66, 
70,  71). The effect of humoral antibodies on homografts need not be only tyro- 
toxic; Merrill (72) has shown in experiments in ~ivo that the effect can be me- 
diated through vascular damage. 
It may also be argued that both neonatal rabbits (73) and recently hatched 
chicks  (74) are unable to form humoral antibodies  adequately, and yet they 
show the same or even greater capacity to reject homografts as do adult rabbits 
and chicken (28, 74). The evidence in this respect is, however, controversial 
(75,  76), and Dixon and Weigle (77) have shown that lymphoid cells taken 
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to adult  animals.  Inability to demonstrate  the presence of circulating  anti- 
bodies should not be taken as definite proof of their absence, since,  as in the 
case of delayed hypersensitivity (78), it might be the technique of demonstra- 
tion that is at fault and not the immunologic  competence of the cells. In sum- 
mary, the evidence against the participation of humoral antibodies in homograft 
rejection  is  not  very serious.  On  the  contrary,  many  observations  can  be 
adequately  explained  if  humoral  antibodies  are  considered  at  least partly 
responsible for breakdown and rejection of homografts. 
(b)  Data in Favor of Cell-Bound or Delayed Hypersensitivity.--There  are two 
main  observations supporting  the role of ceU-bound  immunity  as  the  chief 
mechanism  of  homograft  rejection.  First,  the  demonstration  by Mitchison 
(79, 80), others (11, 81-83), that transplantation immunity can be transferred 
from one animal to another by means of sensitized lymphoid cells. There isno 
doubt that  transplantation  immunity  can be transferred  by means of cells, 
but since the same cells have been shown to be capable of antibody synthesis 
such an experiment represents no proof of the ultimate mechanism of rejection. 
In fact, it has been suggested that the transferred cells are responsible for the 
breakdown of the graft, but the recent experiments of Najarian and Feldman 
(84) who transferred transplantation immunity by means of cells labeled with 
tritiated thymidine and failed to find the cells in the neighborhood of most of 
the sloughing  grafts represents important evidence against such a mechanism. 
A similar  observation had been made before by Mitchison and Dube (85) with 
sensitized cells labeled with acriflavin  dye. Earlier,  Dempster (86) and Darcy 
(87)  called attention  to the absence of infiltrating  lymphoid cells during  the 
initial  periods  of homograft rejection.  But even if sensitized  lymphoid  cells 
were to be found in contact with the graft, the ultimate mechanism of tissue 
damage  would remain  unsolved,  since  the  possibility would still  exist  that 
lymphoid cells were releasing  humoral antibodies only when in close proximity 
to the corresponding antigen. Several authors have failed to observ  e damage to 
cells in vitro when they are placed in contact with sensitized homologous lymph- 
oid cells (see reference 88). Exceptions to this have been published by Govaerts 
(89) and Rosenau and Moon (90) but their results are not free of the criticism 
made by Weaver (56)  in relation  to the diluting  effect of the tissue culture 
media in the demonstration of minute amounts of humoral  antibodies.  There 
is also evidence that a critical concentration of antibodies may be required to 
cause tissue damage (1, 10, 84, 91). 
The second observation supporting delayed hypersensitivity as the mecha- 
nism of homograft rejection is the development of a cutaneous reaction of the 
delayed type using donor cells as antigen (92). This is an interesting observa- 
tion but there is no proof that the cutaneous reaction bears any relation to the 
rejection of homografts (93). Indeed, Billingham  (94) found that the cutaneous 
reaction appears several days before the graft shows any signs of rejection, and 890  HUMORAL  ANTIBODIES.  II 
the same author  (81)  observed  that  the  "second set"  phenomenon persists 
longer than the ability of lymphoid ceils of the recipient to cause accelerated 
rejection upon  transfer  to  a  recipient bearing  a  homograft of the isologous 
skin. Therefore, it appears that the evidence in favor of a form of cell-bound 
or delayed hypersensitivity as the main mechanism of homograft rejection is 
not conclusive. 
The results of Najarian and Feldman (84) and those reported in this paper, 
which represent  a  confirmation of  their findings in  another  animal species, 
together with the data summarized in the preceding paragraphs, suggest two 
final considerations. First, it is quite possible that homograft rejection may 
be  the result of  the  contribution in variable proportions  of the  two major 
aspects (humorai and cell-bound) of the immune response, depending primarily 
on the age of the recipient (28, 95, 96), the type of homograft (1, 4, 56, 57), and 
the animal species  studied. Second, the exclusion of one aspect or another of 
the immune response in a  given instance of homograft rejection, if it is ever 
accomplished, will have to wait until more is known of the intimate mecha- 
nism by which hypersensitivity of any type produces cell damage, and also of 
the relation between delayed hypersensitivity and humoral antibody formation, 
which, according to Uhr (97),  Pappenheimer (98),  and Salvin (99), may show 
in some cases definite sequential relations, and which according to a hypothesis 
recently proposed by Karush and Eisen (100), may underlie a single phenome- 
non with different qualitative and quantitative expressions. 
SUMMARY 
Passive transfer of transplantation immunity by means of sensitized lymph- 
oid cells  enclosed within diffusion chambers has  been  accomplished in non- 
radiated and radiated rabbits. This result, together with other data available 
in the literature, suggests that humorai antibodies play an important role in 
rejection of skin homografts in the rabbit. 
We wish to thank Dr. Rodolfo  Diaz Perches for his technical assistance in the radiation 
procedures, and Dr. Amado Gonz~lez  Mendoza for the preparation of the bacterial antigen, 
and his valuable assistance in the immunological  techniques  used in this experiment. 
BIBLIOGRAPHY 
I.  Kretschmer,  R. R., and P6rez-Tamayo, R., The role of humoral antibodies  in 
rejection of skin homografts in rabbits. I. Passive transfer of isoimmune serum 
to conditioned hosts, J. Exp. Med., 1961, 1149 509. 
2.  Stetson, C. A., and Demopoulos, R., Reactions of skin homografts with specific 
immune sera, Ann. New York Acad. Sc., 1958, 73, 687. 
3.  Garver, R. M., and Cole, L. J., Passive transfer of bone marrow homotransplanta- 
tion immunity with specific antisera,  J. Immunot.,  1961, 86, 307. 
4.  Loutit, J. F., and Micklem, H. S., Active and passive immunity to transplanta- ROBt~RTO R.  KR.ETSC~R AND RUY P~REZ-TAM.AYO  891 
tion of foreign bone marrow in lethally irradiated mice, Brit. Y. Exp. Path., 
1961, 42,  577. 
5.  Siskind,  G. W., and Thomas, L., Studies on the runfing syndrome in newborn 
mice, in Biological Problems of Grafting, (F. Albert, editor), Oxford, Black- 
well  Scientific Publications, 1959, 176. 
6.  Billingham,  R. E., Brent, L., and Medawar, P. B., Actively acquired tolerance 
of foreign cells, Nature, 1953, 172,603. 
7.  Harris, T. N., and Harris, S., Influenzal antibodies in lymphocytes of rabbits 
following the local injection of virus, J. Immunol., 1949, 61, 193. 
8. Wessl6n, T., Studies on the role of lymphocytes in antibody production, Acta 
Dermato-VenereoI., 1952, 32,  265. 
9. Roberts, J. C., and Dixon, F., The transfer of lymph node cells in the study of 
the immune response to foreign proteins, J. Exp. Med., 1955, 102, 379. 
10.  Terasaki, P., Antibody response to homografts.  VII. The role of complement in 
cytotoxicity of serum from homografted rabbits, J. Immunol. 1961, $7, 39. 
11.  Dixon, F. J., Weigle, W. O., and Roberts, J. C., Comparison of antibody responses 
associated  with  the  transfer of rabbit lymph-node, peritoneal exudate and 
thymus cells, J. Immunol., 1957, 78, 56. 
12. Harris, T. N., and Harris, S., Studies  on the homotransfer of suspensions  of 
lymph-node cells, Ann. New York Acad. Sc.,  1957, 64, 1040. 
13.  Harris, T. N., and Harris, S., Lymph node cell transfer in relation to antibody 
formation, in Cellular  Aspects  of Immunity, Ciba  Foundation Symposium, 
(G.  E.  W.  Wolstenholme  and  M.  O'Connor,  editors)  London,  J.  &  A. 
Churchill, Ltd., 1960, 172. 
14.  Harris, T. N., Harris, S., and Farber, M. B., Studies on the transfer of lymph 
node cells. XI. Effect on the anti-Shigella agglutinin  titers of recipient rabbits 
of the prior injection of leucocytes from the donor animals,  J. Exp. Med., 
1958, 108,  21. 
15.  Urso, P.,  and Makinodan, T.,  Significance of mitosis  and maturation in the 
secondary precipitin response, Fed. Pro&, 1961, 9.0, 25. 
16.  Gengozian, N., Antibody synthesis  by human cells in diffusion chambers,  Fed. 
Proc., 1962, 9.1, 27. 
17.  Kolmer, J. A., Spaulding, E. H., and Robinson, H. W., M&odos de Laboratorio, 
5th ed., M&ico, D. F., Interamericana S.A., 1960, 737. 
18.  Stark, R. B., Dweyer, E. M., and De Forrest, M., Effect of surgical ablation of 
regional lymph nodes on survival of skin homografts, Ann. New York Acad. 
So.,  1960, 87,  140. 
19.  Vrubel, J., Significance of regional lymphatic system for the development and 
supression of transplantation immunity, Rev. Czech. Mecl., 1961, 7, 207. 
20.  Sturgis,  S. It., and Castellanos, H., Ovarian homografts in the primate: Experi- 
ence with Millipore filter chambers,  Am. J. Obxt. and Gynec., 1958, "/6, 1132. 
21.  Jacobson, L.  O., The hematologic  effects of ionizing  radiation, in Radiation 
Biology,  (A. Hollaender, editor), New York, McGraw-Hill  Book Company, 
Inc., 1954, I, pt. 2, 1029. 
22.  Dixon, F. J., Talmage, D. W., and Maurer, P. H., Radiosensitive and radioresist- 
ant phases in the antibody response, Y. Immunol., 1952, 95,693. 892  HU~ORAL ANTIBODIES. II 
23.  Uhr, J. W., and Scharff, M., Delayed hypersensitivity. V. The effect of x-radia- 
tion on the development of delayed hypersensitivity and antibody formation, 
Jr. Exp. Med.,  1960, 1129 65. 
24.  Taliaferro, W. H., and Taliaferro, L. G., The effect of x-rays on immunity: a 
review, J. Immunol,  1951, 669  181. 
25.  Dempster, W. J., Lennox, B., and Boag, J. W., Prolongation of survival of skin 
homotransplants in the rabbit by irradiation of the host, Brit. J. Exp. Path., 
1950, 31,  670. 
26.  Brooke, M. S., The effect of total body x-irradiation of the rabbit on the rejection 
of homologous grafts and on the immune response, J. Immunol., 1962, 88, 419. 
27.  Mitchinson,  N.  A.,  Studies  on the immunological  response  to foreign  tumor 
transplants in mouse. I. The role of lymph node cells in conferring immunity 
by adoptive transfer, J. Exp. Me~.,  1955, 102, 157. 
28.  Najarian, J. S., and Dixon, F. J., Homotransplantation immunity of neonatal 
rabbits, Proc. Soc. Exp. Biol. and Med., 1962, 109, 592. 
29.  Walker,  R. V., Studies on the immune response of guinea pigs to the envelope 
substance of Pasteurdla  pestis. II.  Fluorescent antibody studies  of cellular 
and tissue response in mice and guinea pigs  to large doses of fraction I, J. 
Irnmunol.,  1962, 88, 164. 
30.  Rosenberg, L. T., Chandler, M. H., Gordon, A. S., and Fischel, E. E., Antibody 
production by guinea pig cells demonstrated by the passive cutaneous anaphy- 
laxis reaction, J. Immunol., 1958, 81, 136. 
31.  Roberts, J. C., Dixon, F. J., and Weigle, W. C., Antibody-producing  lymph node 
cells and peritoneal exudate cells, Arch. Path., 1957, 64, 324. 
32.  Lawrence,  H. S., Rappaport,  F. T., Converse,  J. M., and Tillet, W.  S., The 
transfer of homograft sensitivity (accelerated  rejection)  with DNAse treated 
leukocyte extracts in man, Ann. New York Acad. So., 1960, 87, 223. 
33.  Lawrence, H. S., The transfer in humans of delayed skin sensitivity to strepto- 
coccal M  substance and  to  tuberculin with  disrupted  leucocytes, J.  Clin. 
Invt.,  1955, 34, 219. 
34.  Lawrence, H. S., and Pappenheimer, A. M., Jr., The transfer of delayed hyper- 
sensitivity to diphtheria toxin in man, J. Exp. Meal., 1956, 104, 321. 
35.  Maurer, P. H., Production and transfer of delayed hypersensitivity to modified 
human serum proteins in humans, Fed. Proc., 1960, 19, 211. 
36.  Anstr6m,  K-E., and Waksman,  B. H.,  The passive  transfer of experimental 
allergic  encephalomyelitis  and neuritis with living  lymphoid cells, J. Path. 
and Bact., 1962, 83, 89. 
37.  Stavitzky, A. B., Passive cellular  transfer of the tuberculin type of hypersen- 
sitivity, Proc. Soc. Exp. Biol. and Meal., 1948, 67, 225. 
38. Jester, W. S., Tremaine, M. M., and Seebohm, P. M., Passive transfer of delayed 
hypersensitivity to2,4-dinitrochlorobenzene in guinea pigs  with leucocytic 
extracts, Proc. Soc. Exp. Biol. and Med., 1954, 86, 251. 
39.  Lawrence,  H.  S.,  Some  biological  and  immunological  properties of  transfer 
factor, in Cellular Aspects  of Immunity,  Ciba  Foundation Symposium,  (G. 
E. W. Wolstenholme and M. O'Connor,  editors),  London, J.  & A. Churchill, 
Ltd., 1960, 243. ROBERTO R.  KRET$CIIMER AND RIFY P]~REZ-TAMAYO  893 
40.  Lawrence, H. S., Similarities between homograft rejection and tuberculin-type 
allergy: a review of recent experimental findings, Ann. New York Ac~.  Sc., 
1957, 64,  826. 
41.  Lawrence, H. S., Homograft sensitivity. An expression of the immunologic origins 
and consequences of individuality, Physiol. Rev., 1959, 89, 811. 
42.  Mitchinson, N. A., Passive transfer of transplantation immunity, Nature, 1953, 
171, 267. 
43.  Billingham, R. E., and Brent, L., Further attempts to transfer transplantation 
immunity by means of serum, Brit. J. Exp. Path., 1956, 87, 566. 
44.  Voisin, G. A., and Manrer, P., Studies on the role of antibodies  in the failure of 
homografts, Ann. New York Acad. Sc., 1957, 64, 1053. 
45.  Brent, L., Brown, J. B., and Medawar,  P. B., Skin transplantation immunity in 
relation to hypersensitivity reactions of the delayed type, in Biological Prob- 
lems of Grafting, (F.  Albert,  editor), Oxford,  Blackwell  Scientific  Publica- 
tions, 1959, 64. 
46.  Russel,  P. S., The weight-gain  assay for runt disease in mice, Ann. New York 
Acad. Sc.,  1960, 87, 445. 
47.  Algire, G. H., Weaver, J. M. and Prehn, R. T., Studies on tissue homotransplan- 
tation in mice, using diffusion-chamber  methods, Ann. New York Acad. Sc., 
1957, 64,  10. 
48.  Algire, G. H., Weaver, J. M., and Prehn, R. T., Growth of cells in vivo in diffusion 
chambers.  I. Survival of homografts in immunized mice, J. Nat. Cancer Inst., 
1954, 15,  493. 
49.  Castellanos,  H.,  and  Sturgis,  S.  H.,  Survival of ovarian homografts within 
Millipore filter chambers in the rat, Surgical Forum, 1958, 8, 498. 
50.  Brooks, J. R., Sturgis,  S. H., and Hill, G. J., An evaluation of endocrine tissue 
homotransplantafion in Millipore chamber: with a note on tissue adaptation 
to the host, Ann. New York Acad. Sc., 1960, 87, 482. 
51. Woodruff, M.  F.  A.,  Cellular  and humoral factors in  the  immunity  to  skin 
homografts. Experiments with a porous membrane, Ann. New York Acad. Sc., 
1957, 64,  1014. 
52.  Merril, J. P., Antigen and antibody in transplantation immunity: Some problems 
of  investigation,  in  Biological  Problems  of  Grafting,  (F.  Albert,  editor), 
Oxford, Blackwell Scientific Publications, 1959, 34. 
53.  Good, R. A., Varco, R. L., Aust, J. B., and Zak, S. J., Transplantation studies in 
patients with agammaglobulinemia,  Ann. New York Acad. Sc., 1957, 64, 882. 
54.  Porter, H.  M.,  The  demonstration  of  ddayed-type reactivity in  congenital 
agammaglobulinemia,  Ann. New York Acad. Sc., 1957, 64, 932. 
55.  Stetson, C. A., and Demopoulos, R., Reactions of skin homografts with specific 
immune sera, Ann. New York Acad. Sc., 1958, 78, 687. 
56.  Weaver, J. M., Algire, G. H., and Prehn, R. T., The growth of cells in vivo in 
diffusion chambers.  II. The role of ceils in the destruction of homografts in 
mice, J. Nat.  Cancer Inst.,  1955, 15,  1737. 
57.  Amos, D. B., and Wakefield, J. D., Growth of mouse ascites tumor cells in diffu- 
sion chambers.  II. Lysis and growth inhibition  by diffusible  isoantibody, J. 
Nat.  Cancer Inst.,  1959, 9.9., 1077. 894  HUMORAL ANTIBODIES. II 
58.  Algire, G. H., Growth inhibition of homografts of a plasma-cell neoplasm in cell 
impenetrable  diffusion  chambers placed in  hyperimmunized mice,  J.  Nat. 
Cancer Inst., 1959, 9.3, 435. 
59.  Gabourel,  J. D., Cell culture in vivo. II. Behavior of L-fibroblasts  in diffusion 
chambers in resistant hosts, Cancer Research, 1961, 21,506. 
60.  Amos, D. B., Possible relationships  between the cytotoxic effects of isoantibody 
and host cell function, Ann. New York Acad. Sc., 1960, 87, 273. 
61.  Winn, J. H., Immune mechanisms in homotransplantation. I. The role of serum 
antibody and complement in the neutralization of lymphoma ceils, J.  Im- 
munol,  1960, 84,  530. 
62.  Schiir, V. B., and Meier, R., Die Bedeutung des Komplements ftir den Charakter 
der Antigen-AntikSrper  Reaktion an der isolierten Tierzelle, Schweiz. Z. allg. 
Path. und Bakt.,  1951, 14, 618. 
63.  Rosenau,  W., and Moon, H. D., Organ and species specificity of tissue culture 
cells, Lab. Inv.,  1961, 10,  1209. 
64.  Easton, J. M., Goldberg, B., and Green, H., Immune cytolysis: electron micro- 
scopic localization  of cellular  antigens  with ferritin-antibody conjugates,  o  r. 
Exp. Med., 1962, 115, 275. 
65.  Bollag, W.  S., Demonstration of antibodies  following homografts, Transplant. 
Bull.,  1956, 3, 43. 
66.  Terasaki, P. U., Cannon, J., Longmire, W. P., and Chamberlain,  C., Antibody 
response to homografts: V. Cytotoxic effects upon lymphocytes as measured 
by time lapse cinematography, Ann. New York Acad. $6., 1960, 87, 258. 
67.  Pavkova,  D.  J.,  Direct  determination of homotransplantation antibodies  in 
man, Folia Biol., Prague,  1961, 7, 364. 
68.  Amos, D. B., Gorer, P. A., Mikulska,  B. M., Bilhngham,  R. E., and Sparrow, 
E. M., An antigody response to skin homografts  in mice, Brit. J. Exp. Path., 
1954, 85,  203. 
69.  Terasaki, P.I., Cannon, J. A., and Longmire, W. P., Jr., Antibody response to 
homografts.  I. Technic of lymphoagglutination and detection of lymphoag- 
glutinins  upon spleen injection,  Proc. Soc. Exp. Biol. Med., 1959, 102, 280. 
70.  Merril, J. P., Hanau, C., and Hawes, M. D., A demonstration of a cytotoxic 
effect in vitro following the rejection of skin grafts by rabbits, Ann. New York 
Acad.  So.,  1960, 87, 266. 
71.  Stetson, C.  A., and Jensen, E., Humoral aspects  of the immune  response  to 
homografts,  Ann. New York Acad.  Sc.,  1960, 87, 249. 
72.  Merrfl, J. P., personal communication. 
73.  Sterzl, J., and Trnka, Z., Effect of very large doses of bacterial antigen on anti- 
body production in new born rabbits, Nature,  1957, 179, 918. 
74.  Papermaster, B. W., Bradley, S. G., Watson, D. W., and Good, R. A., Antibody 
producing capacity of adult chicken spleen cells in newly hatched chicks. A 
study of sources of variation in a homologous cell transfer system, J. Exp. Med., 
1962, 115,  1191. 
75. Harris, T. N., Harris, S., and Farber, M. B.,  Transfer of rabbit lymph node 
cells to neonatal recipient rabbits, ]. Immunol., 1962, 88, 199. 
76.  Dixon, F. J., and Weigle, W. O., The nature of the immunologic inadequacy of ROBERTO R.  KILETSCITMF.R  AND RUY PEREZ-TAM.AYO  895 
neonatal rabbits as revealed by cell transfer studies, J. Exp. Meal., 1957, 105, 
75. 
77.  Dixon, F. J., and Weigle, W. O., The nature of the immunologic inadequacy of 
neonatal rabbits. II. Antibody formation by neonatal splenic cells transferred 
to adult recipients, J. Exp. Med., 1959, 110, 139. 
78.  Salvin,  S.  B., Gregg,  M.  B., and Smith, R.  F., Hypersensitivity in newborn 
guinea pigs, J. Exp. Med., 1962, 115, 707. 
79.  Mitchinson, N. A., Passive transfer of transplantation immunity, Proe. Roy. Soc. 
London, Series B, 1954, 142, 72. 
80.  Mitchinson,  N.  A.,  Studies  on  the immunological  response  to foreign  tumor 
transplants in the mouse. I. The role of lymph node cells in conferring im- 
munity by adoptive transfer, J. Exp. Med.,  1955, 102, 157. 
81.  Billingham,  R.  E., Brent, L.,  and  Medawar,  P. B., Quantitative  studies  on 
tissue  transplantation  immunity.  II.  The origin,  strength  and  duration of 
actively acquired immunity, Proc. Roy. Soc. London, Series B, 1954, 143, 58. 
82.  Billingham, R. E., Brent, L., and Medawar, P. B., Quantitative studies on tissue 
transplantation immunity, Phil. Tr. Roy.  Soc. London, Series B,  1956, 9.39, 
357. 
83.  Vrubel,  J.,  Survival  of cutaneous homografts after transplantation  of lymph 
nodes immunized against the host, Nature,  1961, 189, 853. 
84.  Najarian,  J.  S., and Feldman, J.  D., Passive  transfer of transplantation im- 
munity. I. Tritiated lymphoid cells. II. Lymphoid cells in Millipore chambers, 
J. Exp. Med., 1962, 115, 1083. 
85.  Mitchinson,  N. A., and Dube, O. L., Studies on the immunological response to 
foreign tumor transplants in the mouse. II. The relation between agglutinating 
antibody and graft resistance  in the normal mouse and mice pretreated with 
tissue preparations, J. Exp. Med.,  1955, 102, 179. 
86.  Dempster, W. J., Problems involved in the homotransplantation of tissues with 
particular reference to skin, Brit. Med. Y., 1951, 2, 1041. 
87.  Darcy, D. A., A study of the plasma  cell and lymphocyte reaction in rabbit 
tissue homografts, Phil. Tr. Roy. Soc. London, Series B, 1952, 9.36, 463. 
88.  Scothorne, R. J., and Nagy, I., In vitro studies of the interaction of lymph node 
and homologous tissue, Ann. New York Acad. Sc., 1960, 87, 149. 
89.  Govaerts, A., Cellular antibodies  in kidney homotransplantation, J. Immunol., 
1960, 85,  516. 
90.  Rosenau, W., and Moon, H. D., Lysis of homologous cells by sensitized lympho- 
cytes in tissue culture, J. Nat. Cancer Inst. 1961, 9.7, 471. 
91.  Oda, M., and Puck, T. T., The interaction of mammalian cells with antibodies, 
Y. Exp. Med.,  1961, 113, 599. 
92.  Brent,  L.,  Brown, J.,  and Medawar,  P.  B.,  Skin  transplantation  immunity 
in relation to hypersensitivity, Lancet, 1958, 2, 561. 
93.  Medawar,  P. B., Iso-antigens,  in Biological Problems of Grafting, (F. Albert, 
editor), Oxford, Blackwell Scientific Publications, 1959, 6. 
94.  Billingham, R. E., Brent, L., and Medawar, P. B., Time of onset and duration 
of transplantation immunity, Transplant.  Bull., 1959, 6, 410. 896  HUMORAL ANTIBODIES. II 
95.  Billingham, R. E., and Brent, L., Acquired tolerance of foreign cells in newborn 
animals, Proc. Roy. Soc. London, Series B, 1956, 146, 78. 
96.  Porter, K. A., Runt disease and tolerance in rabbits, Nature, 1960, 185, 789. 
97.  Uhr, J. W., and Scharff, M., The effect of x-radiation upon delayed hypersensi- 
tivity and antibody formation in guinea pigs, ]. Clin. Invt., 1959, 88, 1049. 
98.  Pappenheimer, A. M., Jr., Scharff, M., and Uhr, J. W., Delayed hypersensitivity 
and its possible relation to antibody formation, in Mechanisms  of Hypersen- 
sitivity, (J. H. Schafner, editor), Boston, Little, Brown & Co., 1959. 
99.  Salvin, S. B., and Smith, R. F., Delayed hypersensitivity in the development cf 
circulating  antibody. The effect of x-irradiation,  J. Exp. Med.,  1959, 109, 
325. 
100. Karush,  F., and Eisen,  H. N., A theory of delayed hypersensitivity, Science, 
1962, 136,  1032. 
EXPLANATION OF PLATES 
PLATE 117 
FIG. l  a. Microscopic aspect of lymphoid cells 8 days after being placed within a 
diffusion chamber in the subcutaneous  tissue of an intact rabbit. There are only very 
few recognizable  cellular elements. Most of the cells have undergone necrosis  and 
disintegration.  Hematoxylin and eosin.  ×  340. 
FIG. 1 b. Good preservation of many lymphoid cells 14 days after they were trans- 
ferred within diffusion chambers  to the subcutaneous  tissue of rabbits given 800 r of 
total body radiation.  There is pycnosis  and  nuclear hyperchromatism, but many 
cells still show normal morphologic features. Hematoxylin and eosin. ×  340. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  116  PLATE  117 
(Kretschmer and P~rez-Tamayo: Humoral antibodies. II) :PLATE 118 
FIG. 2. Gross aspect of problem-skin homograft (above) and control-skin homograft 
(below)  10 days after grafting in a rabbit given 400 r of whole body radiation. The 
small lump visible  in the bridge of skin separating the grafts is the diffusion  chamber 
containing lymphoid cells previous]y sensitized against the problem-skin graft. The 
latter shows obvious signs of rejection while  the control-skin graft is still  we]l pre- 
served. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL. 116  PLATE  118 
(Kretschmer and P~rez-Tamayo: Humoral antibodies. II) PLATE 119 
FIG. 3 a Microscopic  aspect of control-skin homograft 10 days after grafting in a 
rabbit given 800 r of whole body radiation. There is some preservation of epithelial 
structures and both cellular and fibrillar elements in the dermis are visible. The muscle 
fibers below show infiltration by round cells. Hematoxylin and eosin.  ×  45. 
FIG. 3 b. The problem-skin graft of the same animal bearing the control graft shown 
in Fig. 3 a. There is advanced destruction of the epithelium, fusion, and fragmentation 
of collagen fibers in the dermis, and cells are no longer visible. There is dense inflam- 
matory infiltration in the  deeper  dermis and the muscle, primarily by round cells. 
Hematoxylin and  eosin.  ×  45. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  116  PLATE  119 
(Kretschmer and P~rez-Tamayo: Humoral antibodies. II) 